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OXYGEN ADSORBENT BASED ON
LANTHANOIDE OXYSULFATE, METHOD
FOR PRODUCING IT, AND EXHAUST GAS
PURIFYING CATALYST CONTAINING IT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national phase application of Interna-
tional Application No. PCT/IB2010/002869, filed Oct. 27,
2010, and claims the priority of Japanese Application No.
2009-249340, filed Oct. 29, 2009, the contents of both of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an oxygen adsorbent, to a
method for producing the oxygen adsorbent, and to an
exhaust gas purifying catalyst that utilizes the adsorbent.
More specifically, the present invention is directed to an oxy-
gen adsorbent that contains a ceria composite oxide, that has
an oxygen adsorption capacity and a S (sulfur) poisoning
resistance and that can prevent deterioration of a catalyst, to a
method for producing the oxygen adsorbent, and to an
exhaust gas purifying catalyst that contains the oxygen adsor-
bent.

2. Description of the Related Art

Exhaust gas discharged from an internal combustion con-
tains HC (hydrocarbons), CO (carbon monoxide) and NO,
(nitrogen oxides), and these pollutants are emitted into the
atmosphere after being purified by an exhaust gas purifying
catalyst. As a typical example of the exhaust gas purifying
catalyst that is used for the purpose, a three-way catalyst that
is composed of a porous oxide carrier such as Al,O; (alumi-
num oxide), SiO, (silicon oxide), ZrO, (zirconium oxide) or
TiO, (titanium oxide) and a precious metal, such as Pt (plati-
num), Rh (rhodium) or Pd (palladium), that is supported on
the carrier is widely used.

The three-way catalyst oxidizes HC and CO in exhaust gas
and also reduces NO, and can exhibit the highest effect in the
purification of an exhaust gas of a stoichiometric gas atmo-
sphere that has been generated by burning at nearly the theo-
retical air-fuel ratio. However, the exhaust gas atmosphere
shifts to the rich or lean side because the actual air-fuel ratio
shifts to the rich or lean side with respect to the stoichiometric
air-fuel (A/F) ratio depending on the operating conditions of
the automobile. Thus, a high purification performance cannot
be necessarily only obtained with a three-way catalyst that is
configured as described above. In particular, because require-
ments for improved fuel efficiency have become more com-
mon in recent years, there is an increasing opportunity for an
exhaust gas purifying catalyst to be exposed to sudden fluc-
tuations of atmosphere due to fluctuations of the air-fuel ratio
under high temperatures that are caused by, for example, an
increase of the number of times of fuel cut (FC) at a high
temperature. Such sudden fluctuations of atmosphere can
significantly accelerate deterioration of the catalyst.

Thus, to enhance the exhaust gas purification ability of a
three-way catalyst by compensating for fluctuations in oxy-
gen concentration of the exhaust gas, an oxygen adsorbent
that occludes oxygen when the oxygen concentration in the
exhaust gas is high and releases oxygen when the oxygen
concentration in the exhaust gas is low, is used in exhaust gas
puritying catalysts. Well-known examples of the oxygen
adsorbent include ceria (CeQ,) and ceria composite oxide,
that is, CeO,—7r0O, composite oxide. Such oxygen adsor-
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bents are an important constituent material for an automobile
exhaust gas purifying catalyst to compensate for fluctuations
in A/F ratio and to maintain an atmosphere in which the
catalyst can act in the most effective manner. In order to purify
the exhaust gas more stably, an oxygen adsorbent that adsorbs
a larger amount of oxygen is desired. This is the reason why
a lanthanoide oxysulfate (Ln,0,S0,), which can in theory
reversibly adsorb eight times the amount of oxygen per mol-
ecule than CeQ, or a ceria composite oxide is attracting atten-
tion. However, because exhaust gas from the engine of an
automobile contains sulfur components, such as sulfur oxides
that includes SO, (sulfur dioxide) and SO, (sulfur trioxide),
the oxygen adsorbent must be resistant to sulfur-poisoning
(S-poisoning).

Japanese Patent Application Publication No. 2005-87891
(JP-A-2005-87891) describes a purifying catalyst that is pro-
vided with a perovskite-type composite oxide, represented by
the formula A B, ,CO,_,(S0,), (where A represents a rare
earth element, B represents an alkaline-earth metal, C repre-
sents a transition metal, 1=x<2 and 0<y=1), that is immune to
S-poisoning. Japanese Patent Application Publication No.
2005-87892 (JP-A-2005-87892) describes a catalyst that
includes an oxygen adsorbent composed of an oxysulfate of a
rare earth, represented by A,0,S0O, (where A represents a
rare earth element), and a precious metal that is supported on
the oxygen adsorbent. The catalyst described in JP-A-2005-
87892 has a higher oxygen adsorption capacity than conven-
tional catalysts composed of a CeO,—ZrO, composite oxide
on which a precious metal is supported. Japanese Patent
Application Publication No. 2006-75716 (JP-A-2006-
75716) describes an exhaust gas purifying catalyst, which
includes a first oxygen adsorbent composed of a compound
represented by A,0,S0, (where A represents a rare earth
element), and an NO, occluding material that supports a pre-
cious metal. The catalyst described in JP-A-2006-75716 has
a high oxygen adsorption capacity under high temperature,
and demonstrates the use of the first oxygen adsorbent in
combination with a second oxygen adsorbent such as CeO, or
a CeO,—7rO, composite oxide. However, no specific
example in which a CeO,—ZrO, composite oxide is used as
the second oxygen adsorbent is described. In addition, Japa-
nese Patent Application Publication No. 2008-284512 (JP-A-
2008-284512) describes an oxygen adsorbent that includes a
compound composed of Pr,0,SO,, and/or Pr,O,S in which at
least a portion of the Pr (praseodymium) is substituted by Ce
(cerium), and an exhaust gas purifying catalyst that includes
the oxygen adsorbent and a metal that is supported on the
oxygen adsorbent.

However, the oxygen adsorbents that are described in these
Patent Documents do not have a sufficient oxygen adsorption
capacity, so that there is no alternative but to use a large
amount of the catalyst. This is the reason why an oxygen
adsorbent that has a higher oxygen adsorption capacity is
desired.

SUMMARY OF THE INVENTION

The present invention provides an oxygen adsorbent that
adsorbs oxygen and resists sulfur poisoning, and an exhaust
gas purifying catalyst. A first aspect of the present invention
provides an oxygen adsorbent that includes Ln,0,S0,,
wherein Ln represents a rare earth element, that is mixed with
aceria composite oxide. A second aspect ofthe present inven-
tion provides an exhaust gas purifying catalyst that includes
the oxygen adsorbent. A third aspect of the present invention
provides a method for producing an oxygen adsorbent that
includes mixing [.n,0,SO, with a ceria composite oxide. In
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the above aspects, the term “ceria composite oxide™ refers to
a powder, that is, secondary particles, of a CeO,—ZrO, solid
solution.

According to the above aspects, an oxygen adsorbent that
has an oxygen adsorption capacity and S-poisoning resis-
tance can be obtained. In particular, the oxygen adsorbent, on
which one or more metal elements selected from Pt, Pd, Rh
and Fe (iron), has a higher oxygen adsorption capacity. In
addition, according to the above aspects, because the oxygen
adsorbent has an oxygen adsorption capacity and S-poisoning
resistance it is possible to obtain an exhaust gas purifying
catalyst that can exhibit a stable catalytic performance and
suppress sintering of a precious metal catalyst even in a high
temperature environment in which the exhaust gas atmo-
sphere fluctuates and which contains sulfur oxides.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, advantages, and technical and industrial sig-
nificance of this invention will be described in the following
detailed description of example embodiments of the inven-
tion with reference to the accompanying drawings, in which
like numerals denote like elements, and wherein:

FIG. 1 is a graph showing the oxygen adsorption capacity
of an oxygen adsorbent according to the related art;

FIG. 2 is a graph that shows a comparison of the oxygen
adsorption capacities of the oxygen adsorbent according to
one embodiment of the present invention and of a convention
oxygen adsorbent;

FIG. 3 is a graph showing the degree of sintering of an
precious metal catalyst of a related art in exhaust gas atmo-
spheres on the rich and lean sides

FIG. 4 is a graph showing the degree of sintering of a
precious metal catalyst of another related art in exhaust gas
atmospheres on the rich and lean sides;

FIG. 5 is a partially cross-sectional schematic view of an
embodiment of an exhaust gas purifying catalyst that contains
an oxygen adsorbent according to an embodiment of the
present invention;

FIG. 6 is a schematic view of another embodiment of the
exhaust gas purifying catalyst that contains the oxygen adsor-
bent according to the embodiment of the present invention;
and

FIG. 7 is a graph that compares the performance of exhaust
gas purifying catalysts to which oxygen adsorbents that were
produced in Examples according to the present invention
against those produced in the Comparative Examples.

DETAILED DESCRIPTION OF EMBODIMENTS

Anembodiment of the present invention is described below
with reference to FIG. 1 to FIG. 7. In FIG. 1, two types of
oxygen adsorbents, i.e., 0.5 wt %-Pt/LOS and 0.5 wt %-Pt/
CZ, were each produced using 3 g of pellets as a sample, and
catalysts with a ratio of each oxygen adsorbent to Al,O; of
100:27 (wt %) were produced. In a test, gases were introduced
(10 L/min) in the order of 1% O,/N, (30 minutes)—(N,
purge)—2% CO/N, (30 minutes), 600° C. (bed temperature),
to observe the CO oxidation reaction in the lattice of the
oxygen adsorbent. In FIG. 2, as in the case with FIG. 1, an
oxygen adsorbent with CZ:L.OS=50:50 (wt %) was produced
using 3 g of pellets, and a catalyst with a ratio of the oxygen
adsorbent to Al,O; 0of 100:27 (wt %) was produced. In a test,
gases were introduced (10 L/min) in the order of 1% O,/N,
(30 minutes)— (N, purge)—2% CO/N, (30 minutes), 600° C.
(bed temperature), to observe the CO oxidation reaction in the
lattice oxygen of the oxygen adsorbent. As shown in FIG. 1,
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LOS, which is a conventional oxygen adsorbent, has a large
O, desorbing capacity, but requires a long time to desorb O,
and cannot quickly compensate for sudden fluctuations of the
atmosphere. Thus, LOS cannot be practically used as an
oxygen adsorbent. In contrast, CZ, which is another a con-
ventional oxygen adsorbent, rapidly desorbs O, but soon
becomes unable to desorb O,. In contrast, as shown in FIG. 2,
the oxygen adsorbent according to an embodiment of the
present invention continues to desorb O, even after rapidly
releasing O,. Therefore, the oxygen adsorbent according to
an embodiment of the present invention is able to compensate
for sudden fluctuations in the A/F ratio of the atmosphere.

In FIG. 3 and FIG. 4, two types of catalysts, i.e., “1 wt
%-PtxCZ, A1,0;” and “1 wt %-Pt/CZ, Al,0,”, were used as
samples, and, as an endurance test, the catalysts were sub-
jected to air calcination under a lean atmosphere at a selected
temperature for 5 hours in an electric furnace and then
exposed to 3%-CO/N, (5 L/min) under a rich atmosphere at a
selected temperature for 5 hours. In FIG. 3, Pt particles are
supported on a CZ carrier as a sample of the exhaust gas
puritying catalyst, and in FIG. 4, Pt particles are supported on
an Al,O; carrier as a sample of the exhaust gas purifying
catalyst. Then, the particle size of the precious metal was
measured by low temperature 0° C.-CO pulse measurement
As shown in FIG. 3 and FIG. 4, if no oxygen adsorbent is
used, deterioration of the catalyst is remarkable especially
under a rich atmosphere in the exhaust gas purifying catalyst
in which Pt particles are supported on a CZ carrier. Deterio-
ration of the catalys is also remarkable under a lean atmo-
sphere in the exhaust gas purifying catalyst in which Pt par-
ticles are supported on an Al,Oj; carrier. Therefore, an exhaust
gas purifying catalyst used in an exhaust gas atmosphere that
fluctuates between rich and lean due to high-temperature
operations undergoes significant deterioration irrespective of
the carrier. However, as shown in FIG. 5 and FIG. 6, the
exhaust gas purifying catalyst according to an embodiment of
the present invention is constituted of a upstream A/F fluc-
tuation absorbing section that contains an oxygen adsorbent
on which a metal element, such as Pd, is supported and that is
provided on the upstream-side of the exhaust gas purifying
catalyst, that is, on the side where the concentration of pol-
Iutants in the exhaust gas is higher, and a downstream pre-
cious metal catalyst section that supports a precious metal,
such as Pt, and that is provided on the downstream side, that
is, on the side where the concentration of pollutants in the
exhaust gas is lower. It is appreciated from FIG. 7 that, when
applied to an exhaust gas purifying catalyst, the oxygen
adsorbent according to an embodiment of the present inven-
tion may significantly suppress sintering of Pt in the down-
stream precious metal catalyst section in an endurance test
using a sulfur oxide-containing atmosphere that fluctuates
between rich and lean states in comparison to the oxygen
adsorbents of Comparative Examples, which are described
later.

The suppressing effect of the oxygen adsorbent according
to an embodiment of the present invention on sintering of the
precious metal in the precious metal catalyst section in the
above atmosphere, that is, a sulfur oxide-containing atmo-
sphere that fluctuate between rich and lean states, has not yet
been theoretically elucidated. However, it is inferred that such
an effect is achieved because an oxygen adsorbent that con-
tains a high percentage of a ceria composite oxide can be
obtained by the present invention so that not only the property
of the ceria composite oxide of being resistant to heat and
better in the oxygen adsorption capacity performance than
CeO, but also the property of La,0,SO, of not being poi-
soned by S in sulfur oxides is exhibited.
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In the oxygen adsorbent of an embodiment of the present
invention, the content of the ceria composite oxide may be
higher than 20% by mass, preferably 25 to 75% by mass,
more preferably 40 to 60% by mass, with respect to the total
amount of the L.n,0,S0, and ceria composite oxide. If the
content of the ceria composite oxide is 20% by mass or lower,
the suppression of sintering of the precious metal, such as Pt,
in the exhaust gas purifying catalyst in the presence of sulfur
oxides is reduced. If the content of the ceria composite oxide
is excessively high, on the other hand, the oxygen adsorbent
tends to be poisoned by S of the sulfur oxides.

Examples of the Ln,0,50, for use in an embodiment of
the present invention include La,0,50,, Ce,0,S0,,
Pr,0280,, Nd,0,80,, Pm,0,SO,, Sm,0,S0,, and
Eu,0,S0,, and La,0,80, may be preferably used. The
Ln,0,S0, is usually used in the form of fine particles. Also,
examples of the ceria composite oxide for use in an embodi-
ment of the present invention include ceria-zirconia (CeO,—
Zr0,) solid solution, such as secondary particles with a pri-
mary particle size of 3 to 50 nal. Other examples of the ceria
composite oxide suitable for use in an embodiment of the
present invention include secondary particles of a solid solu-
tion of the above three elements, i.e., Ce, Zr, and O (oxygen),
and secondary particles of a solid solution of four or more
elements that include one or more rare earth elements, such as
Y (yttrium) and Nd (neodymium), in addition to the above
three elements. The amount of the rare earth element, such as
Y or Nd, may be in the range of 0.2 atom, such as 0.01 to 0.2
atom, especially in the range of 0.025 to 0.15 atom, per atom
of the total of Ce and Zr.

The oxygen adsorbent of an embodiment of the present
invention may be produced by mixing the [n,0,S0, as
described above and the ceria composite oxide as described
above. In other words, the oxygen adsorbent according to an
embodiment of the present invention may be a mixture of the
Ln,0,S0, and the ceria composite oxide with a high concen-
tration of the ceria composite oxide that has been formed into
secondary particles.

The oxygen adsorbent according to an embodiment of the
present invention may contain, in addition to the Ln,0,S0,
and the ceria composite oxide, a porous oxide, such as Al,O;.
The amount of the porous oxide may be in the range of 50
parts by mass or less, for example 1 to 50 parts by mass, per
100 parts by mass of the total amount of the L.n,0,SO, and
ceria composite oxide. Also, as an embodiment of the oxygen
adsorbent according to an embodiment of the present inven-
tion, there may be mentioned an oxygen adsorbent comprised
of'the above components and that additionally supports one or
more metal elements selected from the group consisting of Pt,
Pd, Rh, and Fe. Such an embodiment may be an oxygen
adsorbent in which the total supporting amount of the one or
more metal elements that are selected from the group that
consists of Pt, Pd, Rh, and Fe is in the range of 0.1 to 5 parts
by mass, particularly 0.25 to 2 parts by mass, per 100 parts by
mass of the total amount of the [.n,0,S0,, and ceria compos-
ite oxide. The oxygen adsorption capacity is increased by
supporting the one or more metal elements that are selected
from the group consisting of Pt, Pd, Rh, and Fe.

The oxygen adsorbent according to an embodiment of the
present invention may be produced by, for example, the fol-
lowing method. First, a nitrate of Ln that can provide
Ln,0,S0,, such as Ln(NO;);.9H,0, and a long-chain alkyl
sulfate, such as sodium dodecyl sulfate (which will be occa-
sionally abbreviated to “SDS”), in an aqueous alkaline solu-
tion, such as an aqueous ammonia solution, are heated and
reacted with stirring. The reaction mixture is thereafter
cooled to obtain a precipitate. The precipitate is separated and
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dried to obtain a powder. The powder is then calcined in the
air by, for example, heating at a temperature of 500° C. or
higher for several hours to obtain L.n,0,SO, in the form of'a
powder. Separately, salts of metals that can provide a ceria
composite oxide, such as cerium diammonium nitrate, zirco-
nium oxynitrate and, optionally, a nitrate of a rare earth ele-
ment, such as yttrium nitrate or neodymium nitrate, are
heated and reacted in an aqueous alkaline solution, such as an
aqueous ammonia solution, with stirring. The reaction mix-
ture is thereafter cooled to obtain a precipitate. The precipi-
tate is separated and dried to obtain a powder. The powder is
then calcined in the air by, for example, heating at a tempera-
ture of 500° C. or higher for several hours. The calcination
productis pulverized to obtain secondary particles of the ceria
composite oxide. The Ln,0,S0, powder and ceria composite
oxide that are thus obtained, and, optionally, another porous
oxide, such as alumina, and a precious metal salt that provides
a precious metal catalyst, such as palladium nitrate, are uni-
formly mixed in water to prepare a slurry, and the precipitate
is separated. Then, the powder obtained by drying the slurry
is calcined in the air by, for example, heating at a temperature
of 500° C. or higher for several hours, whereby an oxygen
adsorbent according to an embodiment of the present inven-
tion is produced.

The exhaust gas purifying catalyst according to an embodi-
ment of the present invention contains the above oxygen
adsorbent as a component, and may contain other compo-
nents in addition to the oxygen adsorbent depending on the
intended application. The exhaust gas purifying catalyst
according to an embodiment of the present invention may
also be formed into an exhaust gas purifying catalyst by
combining it with, for example, a precious metal catalyst
member. For example, the exhaust gas purifying catalyst
according to an embodiment of the present invention may be
an exhaust gas purifying catalyst that contains the oxygen
adsorbent on the upstream side of the catalyst. For example,
as shown in FIG. 5 or FIG. 6, the exhaust gas purifying
catalyst may be constituted of an upstream A/F fluctuation
compensating section that contains an oxygen adsorbent on
which a metal element, such as Pd, is supported and that is
provided in the exhaust gas “upstream side of the exhaust gas
puritying catalyst, that is, on the side where the pollutant
concentration in the exhaust gas is higher, and a downstream
precious metal catalyst section that supports a precious metal,
such as Pt, and that is provided on the downstream side, that
is, on the side where the pollutant concentration in the exhaust
gas is lower. An exhaust gas purifying catalyst using two or
more members that contain the oxygen adsorbent according
to an embodiment of the present invention that constitutes
such an exhaust gas purifying catalyst may be preared using
convention methods that are understood in the field of this art.

In addition, the exhaust gas purifying catalyst according to
an embodiment of the present invention may be produced by
having the oxygen adsorbent, in combination with other com-
ponents, supported on a catalyst substrate such as a honey-
comb by, for example, a coating method. The honeycomb that
is used as the catalyst substrate may be formed of a ceramic
material such as cordierite or a stainless steel. In addition, the
exhaust gas purifying catalyst according to an embodiment of
the present invention may be formed in any shape.

Examples of the above-described components include an
NO, occluding material and a catalytically active component.
The NO, occluding material, which occludes and releases
NO,, may contain at least one element selected from alkaline
metals, alkaline-earth metals, and rare earth elements. At least
one metal that is selected from precious metals and transition
metals may be used as the catalytically active component.
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Examples of suitable precious metals include at least one
element selected from Pt, Pd, Rh, and Ir (iridium). An
example of a suitable transition metal that is used as the
catalytically active component includes Ni (nickel). If one or
more metal elements selected from the group consisting of Pt,
Pd, Rh, and Fe are supported on the oxygen adsorbent accord-
ing to the embodiment of the present invention, the use of an
additional catalytically active component is not needed, but
an additional catalytically active component may be added
from the viewpoint of catalytic activity.

A suitable material that may be used as the above-de-
scribed NO, occluding material, such as Ba (barium), K (po-
tassium), or Li (lithium), may be supported on the oxygen
adsorbent together with the catalytically active component
The NO, occluding material may be supported by, for
example, impregnating, by immersion, a solution of a salt of
the above element, such as an aquedus acetic acid solution of
the element, into a powdery oxygen adsorbent on which a
catalytically active component is supported, and drying and
calcining the impregnated powder. In same manner as
described above, the NO, occluding material may be sup-
ported on a functional member other than the oxygen adsor-
bent. An exhaust gas purifying catalyst according to an
embodiment of the present invention may be produced by
depositing the catalytically active component and the NO,
occluding material on the oxygen adsorbent or a functional
member other than the oxygen adsorbent.

The exhaust gas purifying catalyst according to an embodi-
ment of the present invention can achieve stable catalytic
performance because the oxygen adsorbent reversibly
adsorbs oxygen and resists S-poisoning, as described above.

Examples of the present invention are described below. The
following examples are only for illustrative purpose, and
should not be construed to limit the present invention. In each
example, commercially available reagents were used except
the following Ingredients 1 to 4.

1. Preparation of LaO,SO,

Lanthanum nitrate nonahydrate (manufactured by
NACALAI TESQUE, INC.), sodium dodecyl sulfate (SDS),
ammonia, and distilled water were charged in a separable
flask at a molar ratio of 1 La(NO,;);.9H,0:2 SDS:30 ammo-
nia:60 water and continuously stirred. After stirring, a pre-
cipitate was obtained and subjected to centrifugal separation
and reduced-pressure drying, and then pulverized into a pow-
der form and calcined at 900° C. for 5 hours. The LaO,SO,
that was thus obtained is referred to as Ingredient 1.

2. Preparation of (Cey 405715 453 Y0.052) O»

Cerium diammonium nitrate (IV) ((NH,),Ce(NO;)s)
(manufactured by NACALAI TESQUE, INC.), zirconium
oxynitrate dihydrate (ZrO(NO;),.2H,0) (manufactured by
NACALAITESQUE, INC.), and yttrium nitrate hexahydrate
(Y(NO;);.6H,0) (manufactured by NACALAI TESQUE,
INC.) were dissolved in distilled water at a ratio 0f 49.5:45.3:
5.2 (mole %) The resulting aqueous solution is then poured
into a 28% aqueous ammonia solution (which is manufac-
tured by NACALAI TESQUE, INC.) that was being stirred
by a mixer, and stirring was continued for 30 minutes. Next,
the precipitate that was produced was filtered, dried in a
degreasing furnace at 120° C. for 12 hours, and calcined in an
electric furnace at 700° C. for 5 hours. The powder that was
obtained was pulverized in a mortar, and the pulverized prod-
uct is referred to as Ingredient 2.

3. Preparation of (Zr, ¢,Nd, 46 Y 06)05

Zirconium oxynitrate dihydrate (ZrO(NO,),.2H,0)
(which is manufactured by NACALAI TESQUE, INC.),
neodymium (III) nitrate hexahydrate (Nd(NO,);.6H,0)
(which is manufactured by Kishida Chemical Co., [.td.), and
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yttrium nitrate hexahydrate (Y(NO;);.6H,0) (which is
manufactured by NACALAI TESQUE, INC.) were dissolved
in distilled water at a ratio of 82:9:9 (mole %). The resulting
aqueous solution was poured into a 28% aqueous ammonia
solution (which is manufactured by NACALAI TESQUE,
INC.) that was being stirred by a mixer and stirring was
continued for 30 minutes. Next, the precipitate that was pro-
duced was filtered, dried in a degreasing furnace at 120° C. for
12 hours, and calcined in an electric furnace at 700° C. for 5
hours. The powder that was obtained was pulverized in a
mortar, and the pulverized product is referred to as Ingredient
3.

4. Preparation of 1.0%
(Zrg 55Nd; 06 Y .00)0;

Using an aqueous platinum nitrate solution having a plati-
num content of 8.6% by mass, 1.0% by mass of Pt is sup-
ported on Ingredient 3 through an impregnation process. In
the impregnation process, the powder after the impregnation
is dried in a degreasing furnace at 120° C. for 12 hours and
calcined in an electric furnace at 600° C. for 2 hours, and the
powder that was thus obtained is referred to as Ingredient 4.

by Mass Pt Supporting

COMPARATIVE EXAMPLE 1

(1) Preparation of Upstream A/F Fluctuation Absorbing
Section

In a 300 mL plastic beaker, 11.8 g of 6-Al1,0;, 33.2 g of
Ingredient 2, 0.7 g of an aluminum hydroxide powder, 15.1 g
of'a 40% aqueous aluminum nitrate solution, 48.9 g of “dis-
tilled water, and 8.2 g of an aqueous palladium nitrate solution
having a Pd content of 8.2% by mass were stirred for 30
minutes with a mixer. Next, the mixture was mixed in a ball
mill for 24 hours to prepare a slurry. The slurry was then
uniformly poured into a 17.5 mL ceramic honeycomb (¢$30
mmx[L25 mm, 400 cells/4 mil=0.1 mm, which is manufac-
tured by NGK INSULATORS, LTD.), and excess slurry was
blown off. Then, the ceramic honeycomb was dried in a
degreasing furnace at 250° C. for 2 hours and calcined in an
electric furnace at 500° C. for 2 hours to produce the upstream
section (Upstream section-1). The coating amount was
adjusted to 5 (g/piece).

(2) Preparation of Downstream Pt Catalyst Section

In a 300 mL plastic beaker, 11.8 g of 6-A1,0;, 33.2 g of
Ingredient 4, 0.7 g of an aluminum hydroxide powder, 15.1 g
of'a 40% aqueous aluminum nitrate solution, and 48.9 g of
distilled” water were stirred for 30 minutes with a mixer.
Next, the slurry that was thus obtained was uniformly poured
into a 17.5 mL ceramic honeycomb (¢30 mmx[.25 mm, 400
cells/4 mil=0.1 mm, which is manufactured by NGK INSU-
LATORS, LTD.), and excess slurry was blown off. Then, the
ceramic honeycomb was dried in a degreasing furnace at 250°
C. for 2hours and calcined in an electric furnace at 500° C. for
2 hours to produce the downstream Pt catalyst section. The
coating amount was adjusted to 5 (g/piece).

(3) Preparation of Exhaust Gas Purifying Catalyst

The upstream A/F fluctuation compensating section and
the downstream Pt catalyst section were provided on the
exhaust gas receiving side and on the exhaust gas discharging
side, respectively, as shown in FIG. 5 to obtain an exhaust gas
puritying catalyst.

(4) Evaluation

The oxygen adsorption performance of the upstream A/F
fluctuation compensation section and the exhaust gas purifi-
cation performance of the exhaust gas purifying catalyst were
evaluated. The results are summarized in Table 1 and FIG. 7
together with other results.
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EXAMPLE 1

(1) Preparation of Upstream A/F Fluctuation Compensa-
tion Section

An upstream section (upstream section-2) was produced in
the same manner as in Comparative Example 1 except that
11.8 got'8-Al,0;, 8.3 g of Ingredient 1, 24.9 g of Ingredient
2, 0.7 g of an aluminum hydroxide powder, 15.1 g of a 40%
aqueous aluminum nitrate solution, 48.9 g of distilled water,
and 8.2 g of an aqueous palladium nitrate solution that had a
Pd content of 8:2% by mass were stirred in a 300 mL plastic
beaker with a mixer for 30 minutes. The coating amount was
adjusted to 5 (g/piece).

(2) Preparation Downstream Pt Catalyst Section

A stream Pt catalyst section was formed in the same man-
ner as in Comparative Example 1. The coating amount was
adjusted to 5 (g/piece).

(3) Preparation of Exhaust Gas Purifying Catalyst

An exhaust gas purifying catalyst was obtained in the same
manner as in Comparative Example 1 except that upstream-
section-2 was used in place of upstreamsection-1 as the
upstream A/F fluctuation compensating section.

(4) Evaluation

The oxygen adsorption performance of the upstream A/F
fluctuation compensating section, and the exhaust gas purifi-
cation performance of the exhaust gas purifying catalyst were
evaluated. The results are summarized in Table 1 and FIG. 7
together with other results.

EXAMPLE 2

(1) Preparation of Upstream A/F Fluctuation Compensat-
ing Section

An upstream section (Upstream section-3) was produced
in the same manner as in Comparative Example 1 except that
11.8 g of6-Al,0;, 16.6 gof Ingredient 1, 16.6 g of Ingredient
2,0.7 g of an aluminum hydroxide powder, 15.1 g, of a 40%
aqueous aluminum nitrate solution, 48.9 g of distilled water,
and 8.2 g of an aqueous palladium nitrate solution that had a
Pd content of 8.2% by mass were stirred in a 300 mL plastic
beaker with a mixer for 30 minutes. The coating amount was
adjusted to 5 (g/piece).

(2) Preparation of Downstream Pt Catalyst Section

A downstream Pt catalyst section was obtained in the same
manner as in Comparative Example 1. The coating amount
was adjusted to 5 (g/piece).

(3) Preparation of Exhaust Gas Purifying Catalyst

An exhaust gas purifying catalyst was produced in the
same manner as in Comparative Example 1 except that
upstream section-3 was used in place of upstreamsection-1 as
the upstream A/F fluctuation compensating section.

(4) Evaluation

The oxygen adsorption performance of the upstream A/F
fluctuation absorbing section, and the exhaust gas purification
performance of the exhaust gas purifying catalyst were evalu-
ated. The results are summarized in Table 1 and FIG. 7
together with other results.

EXAMPLE 3

(1) Preparation of Upstream A/F Fluctuation Absorbing
Section

“An upstream section (Upstream section-4) was produced
in the same manner as in Comparative Example 1 except that
11.8 got'8-Al,0;, 24.9 g of Ingredient 1, 8.3 g of Ingredient
2, 0.7 g of an aluminum hydroxide powder, 15.1 g of a 40%
aqueous aluminum nitrate solution, 48.9 g of distilled water,
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and 8.2 g of an aqueous palladium nitrate solution that had a
Pd content of 8.2% by mass were stirred in a 300 mL plastic
beaker with a mixer for 30 minutes. The coating amount was
adjusted to 5 (g/piece).

(2) Preparation of Downstream Pt Catalyst Section

A downstream Pt catalyst section was produced in the same
manner as in Comparative Example 1. The coating amount
was adjusted to 5 (g/piece).

(3) Preparation of Exhaust Gas Purifying Catalyst

An exhaust gas purifying catalyst was produced in the
same manner as in Comparative Example 1 except that
upstreamsection-4 was used in place of upstreamsection-1 as
the upstream A/F fluctuation absorbing section.

(4) Evaluation

The oxygen adsorption performance of the upstream A/F
fluctuation compensation section, and the exhaust gas purifi-
cation performance of the exhaust gas purifying catalyst were
evaluated. The results are summarized in Table 1 and FIG. 7
together with other results.

COMPARATIVE EXAMPLE 2

(1) Preparation of Upstream A/F Fluctuation Compensa-
tion Section

An upstream section (Upstream section-5) was produced
in the same manner as in Comparative Example 1 except that
11.8 g of 6-Al,0;, 33.2 g of Ingredient 1, 0.7 g of an alumi-
num hydroxide powder, 15.1 g of a 40% aqueous aluminum
nitrate solution, 48.9 g of distilled water, and 8.2 g of an
aqueous palladium nitrate solution that had a Pd content of
8.2% by mass were stirred in a 300 mL plastic beaker with a
mixer for 30 minutes. The coating amount was adjusted to 5
(g/piece).

(2) Preparation of Downstream Pt Catalyst Section

A downstream Pt catalyst section was produced in the same
manner as in Comparative Example 1. The coating amount
was adjusted to 5 (g/piece).

(3) Preparation of Exhaust Gas Purifying Catalyst

An exhaust gas purifying catalyst was produced in the
same manner as in

Comparative Example 1 except that upstreamsection-5
was used in place of upstreamsection-1 as the upstream A/F
fluctuation compensation section.

(4) Evaluation

The oxygen adsorption performance of the upstream A/F
fluctuation compensation section, and the exhaust gas purifi-
cation performance of the exhaust gas purifying catalyst were
evaluated. The results are summarized in Table 1 and FIG. 7
together with other results.

COMPARATIVE EXAMPLE 3

(1) Preparation of Upstream A/F Fluctuation Absorbing
Section

In a 300 mL plastic beaker, 11.8 g of 6-A1,0;, 33.2 g of
Ingredient 1, 0.7 g of an aluminum hydroxide powder, 15.1 g
of' a 40% aqueous aluminum nitrate solution, 48.9 g of dis-
tilled water, and 8.2 g of an aqueous palladium nitrate solution
that had a Pd content of 8.2% by mass were stirred for 30
minutes with a mixer. The resulting mixture was mixed in a
ball mill for 24 hours to prepare a slurry. Next, the slurry was
uniformly poured into a 17.5 mL ceramic honeycomb (¢$30
mmx[L25 mm, 400 cells/4 mil=0.1 mm, which is manufac-
tured by NGK INSULATORS, LTD.), and excess slurry was
blown off. Then, the ceramic honeycomb was dried in a
degreasing furnace at 250° C. for 2 hours and calcined in an
electric furnace at 500° C. for 2 hours. The coating amount of
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a lower layer was adjusted to 2.5 (g/piece). In addition, in a
300mL plastic beaker, 11.8 gof0-A1,0,,33.2 gof Ingredient
2, 0.7 g of an aluminum hydroxide powder, 15.1 g of a 40%
aqueous aluminum nitrate solution, and 48.9 g of distilled
water were stirred for 30 minutes with a mixer. Next, the
mixture was mixed in a ball mill for 24 hours to prepare a
slurry. Thereafter, the slurry was uniformly poured into the
above 17.5 mL ceramic honeycomb, on which the lower layer
had been coated, and excess slurry was blown off. Then, the
ceramic honeycomb was dried in a degreasing furnace at250°
C. for 2hours and calcined in an electric furnace at 500° C. for
2 hours to obtain a upstream section (Upstream section-6).
The coating amount on the upstream section (Upstream sec-
tion-6) was adjusted to 5 (g/piece) including the lower layer.

(2) Preparation of Downstream Pt Catalyst Section

A downstream Pt catalyst section was produced in the same
manner as in Comparative Example 1. The coating amount
was adjusted to 5 (g/piece).

(3) Preparation of Exhaust Gas Purifying Catalyst

An exhaust gas purifying catalyst was produced in the
same manner as in Comparative Example 1 except that
upstreamsection-6 was used in place of upstreamsection-1 as
the upstream A/F fluctuation compensation section.

(4) Evaluation

The oxygen adsorption performance of the upstream A/F
fluctuation compensation section, and the exhaust gas purifi-
cation performance of the exhaust gas purifying catalyst were
evaluated. The results are summarized in Table 1 and FIG. 7
together with other results.
Evaluation Method

The evaluation in each of the above examples was con-
ducted according to the following method.

1. Measurement of Physical Property

The Pt particle size after the endurance test was calculated,
using the following Scherrer’s equation, from the half-width
of'the Pt diffraction peak in a powder X-ray diffraction pattern
that was obtained by XRD measurement conducted on a coat
powder scraped off the honeycomb: Particle size=KA\/((f cos
0) (where K is a constant of 0.94, A is the wavelength of the
X-ray, p is the half-width [rad] (which is attributed to the Pt
particle size), for which 1.5405 was used, and 0 is an angle).
As the XRD measurement device, RINT2000 (CuKa., output:
40 KV, 40 mA), which is manufactured by Rigaku Corpora-
tion, was used.

2. Endurance Test

An endurance test was conducted at 1000° C. for 3 hours
while passing the model gases that are shown in the following
gas composition 1 over a fixed catalyst bed alternately every
5 minutes. The gas flow rate at this time was set to 5 L/min. the
upstream and downstream sections of each Comparative
Example and Example were combined along the flow direc-
tion in the catalyst when the endurance test was conducted.
Gas Composition 1

Rich: 30 ppm SO,+0.1% NO+0.8% O,+0.65%
CO+0.1% C3Hg+10% CO»+3% H,0

Lean: 30 ppm SO,+0.1% NO+0.6% O,+0.65%
CO+0.1% C3Hg+10% CO»+3% H,0

3. Purification Performance Evaluation Test

The temperature was increased at 25° C./min while passing
amodel gas having the composition 2 below through the fixed
catalyst bed, and the temperature at which 50% of C;H, was
purified (which is abbreviated to “HC-T50") was defined as
an index of the activity. The gas flow rate at this time was set
to 30 L/min. upstream and downstream portion of each Com-
parative Example and Example were combined along the
flow direction in the catalyst when the evaluation was made.
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Gas Composition 2

0.15% NO+0.7% O,+0.65% CO+0.1% C,H+10%
CO+3% H,0

4. Evaluation of the Oxygen Adsorption Capacity Perfor-
mance

Using the same device as used for the purification perfor-
mance evaluation test, gases were introduced (10 L/min) in
the sequence of 1% O,/N, (30 minutes)—(N, purge)—2%
CO/N, (30 minutes), 600° C. (bed temperature). The amount
of adsorbed oxygen was calculated from the amount of CO,
that was generated with consumption of oxygen from the
oxygen adsorbent when the CO gas was introduced, and
defined as oxygen adsorption capacity. To evaluate oxygen
adsorption performance, only the upstream portion of the
catalyst was used.

TABLE 1
oxygen Pt-XRD
LOS adsorption Particle
content capacity HC-T50 size
[wt®%)]  [(Oymolg)  [CC)]  [(am)]
Comparative 0 0.40 368 18.2
Example 1
Example 1 25 0.81 342 12.1
Example 2 50 1.10 330 8.5
Example 3 75 1.43 378 13.5
Comparative 100 1.81 381 22.7
Example 2
Comparative 50 1.09 395 21.2
Example 3

From Table 1 and FIG. 7, it can be understood that, in the
case of the oxygen adsorbents that were produced in
Examples 1 to 3 and the exhaust gas purifying catalysts that
use the resulting oxygen adsorbents, sintering of Pt in the
downstream section is significantly suppressed in the endur-
ance test using a sulfur oxide-containing atmosphere that
fluctuated between rich and lean states as compared with the
oxygen adsorbents of Comparative Examples 1 to 3 and the
exhaust gas purifying catalysts that use the oxygen adsor-
bents of Comparative Examples 1 to 3, which indicates that
the oxygen adsorbents that were produced in Examples 1 to 3
and the exhaust gas purifying catalysts that use the oxygen
adsorbents have higher catalytic performance than oxygen
adsorbents and exhaust gas purifying catalysts in which LOS
is used singly or is not used.

The invention claimed is:
1. An oxygen adsorbent comprising:
Ln,0,S0,, wherein Ln represents a rare earth element; and
a ceria composite oxide including a solid solution of Ce, Zr,
O and a rare earth element other than Ce,

wherein the concentration of the ceria composite oxide is
40to 60% by mass with respect to the total amount of the
Ln,0,80, and the ceria composite oxide, such that the
oxygen adsorbent adsorbs oxygen and resists sulfur poi-
soning in an environment that contains sulfur oxides.

2. The oxygen adsorbent according to claim 1, wherein the
Ln,0,S0, is mixed with the ceria composite oxide.

3. The oxygen adsorbent according to claim 1, wherein Ln
is La.

4. The oxygen adsorbent according to claim 1, further
comprising one or more elements that are selected from a
group that consists of Pt, Pd, Rh, and Fe and that are supported
thereon.

5. An exhaust gas purifying catalyst comprising:

an oxygen adsorbent according to claim 1.
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6. The exhaust gas purifying catalyst according to claim 5,
wherein the oxygen adsorbent is provided on an upstream
side of the exhaust gas purifying catalyst.

7. A method for producing an oxygen adsorbent, compris-
ing:

mixing [.n,0,S0,, wherein Ln represents a rare earth ele-

ment; and
aceria composite oxide including a solid solution of Ce, Zr,
O and a rare earth element other than Ce,

wherein the concentration of the ceria composite oxide is
4010 60% by mass with respect to the total amount of the
Ln,0,S0, and the ceria composite, such that the oxygen
adsorbent adsorbs oxygen and resists sulfur poisoning in
an environment that contains sulfur oxides.
8. An exhaust gas purifying catalyst, comprising:
an oxygen adsorbent, the oxygen adsorbent including
Ln,0,S0,, wherein Ln represents a rare earth element;

and

a ceria composite oxide,

wherein the concentration of the ceria composite oxide is
4010 75% by mass with respect to the total amount of the
Ln,0,S0, and the ceria composite oxide, such that the
oxygen adsorbent adsorbs oxygen and resists sulfur poi-
soning in an environment that contains sulfur oxides,
and

wherein a NO, occluding material and a catalytically active

component are supported on the oxygen adsorbent.

9. The exhaust gas purifying catalyst according to claim 8,
wherein the NO, occluding material is at least one chosen
from alkaline metals, alkaline-earth metals, and rare earth
elements, and the catalytically active component is at least
one chosen from Pt, Pd, Rh, and Ir.

#* #* #* #* #*
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